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Appendix Results

Thermodynamic analysis of interactions between PLEKHM1-LIR and autophagy modifiers.
The isothermal titration calorimetry experiments were aimed to provide affinities of interactions (Kp
values) of all six human mATG8 proteins with synthetic PLEKHM1-LIR peptide, and to evaluate
driving forces of the interactions (AH and -TAS values) The Kp values (Table 3) indicate that
PLEKHM1-LIR preferentially binds to GABARAP-subfamily proteins. Kp values for LC3s are in low
UM range (3.45, 4.22 and 6.33 uM for LC3C, LC3A and LC3B, respectively) and decrease to sub-
uM range for GABARAPs (0.55, 0.77 and 0.93 uM for GABARAP, GABARAP-L1 and GABARAP-
L2, respectively). The binding enthalpy values (AH) of PLEKHM1-LIR interaction with all mMATG8s
are all favorable (negative values) and are significantly larger than those of NIX-LIR and OPTN-LIR
interactions [1, 2], varying between -6 kcal/mol and -11 kcal/mol (Fig. EV2A and Table 3).
However, the entropy contributions are distinct for each interaction. They vary from strongly
favorable (positive values of AS) for LC3B to strongly unfavorable (negative AS) for GABARAP
and LC3C (Fig. EV2A and Table 3). For the GABARAP and LC3C proteins, the AH/AS
contributions are very close to the canonical LC3B interaction with p62-LIR [3], (Fig. EV2A). The
variation of AS values reflects the importance of conformational flexibility in the formation of
MATG8:PLEKHM1-LIR complexes, similar to the modulation of the observed flexibility for LC3B

complexes with OPTN-LIR peptide in different phosphorylation states [4].

Structural characterization of interactions between PLEKHM1-LIR and autophagy modifiers
by NMR.

We performed NMR titration experiments in order to find regions in the mATG8s proteins and
PLEKHM1-LIR peptide that could drive the subfamily-specific interactions. First, we performed
NMR experiments titrating "*N-labelled LC3A, LC3B, GABARAP-L1 and GABARAP-L2 samples
(as representative members of LC3- and GABARAP-subfamilies) with the PLEKHM1-LIR peptide.
In agreement with our ITC data we observed “slow exchange” behavior of backbone HN
resonances for the GABARAP subfamily proteins upon titrations. In this case, the two individual
peak sets - “free” and “bound” - can be observed (Fig. EV2B). In contrast, behavior of backbone

HN resonances for the LC3 subfamily proteins upon titrations with PLEKHM1-LIR peptide
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represents an intermediate exchange mode where the peak maxima are gradually shifted from the
“free” to “bound” position with the intensity decreasing upon addition of the PLEKHM1-LIR peptide
(Fig. EV2B). Overall, this indicates that PLEKHM1-LIR binds GABARAP-L1 and -L2 proteins more
tightly than LC3A and LC3B proteins.

We mapped the chemical shift perturbations (CSP) on the sequences (Fig. EV2C) and structures
(Fig- EV2D) of all four proteins used in this experiment, revealing a high degree of similarity in the
CSP patterns. Most affected are the backbone HN resonances of residues forming the
hydrophobic pockets 1 and 2 (HP1 and HP2, highlighted on Fig. EV2D) and B-strand 2 which
participates in formation of the intermolecular B-sheet between mATGS8 proteins and the LIR
sequences [3-7]. However, binding of the PLEKHM1-LIR peptide induces more concise CSPs
around and inside of the GABARAP-L1 and -L2 hydrophobic pockets, whereas CSPs for LC3A and
LC3B are additionally seen on the external side of helix a2 near HP1. In addition, PLEKHM1-LIR
binding to GABARAP-L1 and —L2 affects residues within helix a3 near HP2 compared to the LIR
binding to LC3A and LC3B (Fig. EV2D). We also observed some differences in CSP patterns for
individual proteins, indicating that there might be subfamily-specific structural and dynamic
background for preferential PLEKHM1-LIR binding. In particular, residues in loop 3 connecting
strands 31 and B2 show a higher degree of structurization for the GABARAP-subfamily upon
binding the PLEKHM1-LIR peptide. In contrast residues within loop 6 connecting strand 33 and
helix a4, show a higher degree of structurization in LC3 subfamily complexes.

We complemented these NMR titration experiments by titration of N labeled PLEKHM1-LIR
peptide with non-labelled LC3B WT and GABARAP WT proteins to find which residues within
PLEKHM1-LIR peptide are most affected by interactions with LC3s and GABARAPs (Fig. EV2E).
NMR titrations revealed that with both LC3 and GABARAP, the most pronounced CSP of
backbone HN proton resonances for PLEKHM1-LIR peptide were detected for the residues within
core LIR motif - V636, N637 and V638 (Fig. EV2E, upper plots) and H32 side-chain resonances
N637 (Fig. EV2E, lower plots). Interestingly, we observed only slight shifts of the HN backbone
resonances for acidic residues in positions -3, -2 and -1 (E632, D633, D634) prior to the core LIR

motif and a small shift of W635 backbone HN resonance (Fig. EV2E). In contrast, W635 side-chain
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He1 resonance undergoes strong perturbation according to the “slow”-exchange mode. This
resonance serves as a reporter for the state of the tryptophan aromatic ring, which is deeply
inserted into HP1 upon mATG8 binding, and is visible at each titration step in its “free” and “bound”
form (Fig. EV2B, right plots). In agreement with our crystal structures, we observed large CSPs for
82 HoN- resonances of X;-occupied N637 (Fig. EV2E, upper plots), indicating that this side chain

could play an important role in coordination of PLEKHM1-LIR on surface of mAtg8 proteins.

Understanding the contributing factors to PLEKHM1-LIR specificity towards GABARAPs.

We determined the crystal structures of the LC3A, LC3C, GABARAP and GABARAP-L1 proteins in
complex with the PLEKHM1-LIR to probe the molecular reasons why this LIR peptide binds with
higher affinity to the GABARAP-subfamily, as compared to the LC3-subfamily of proteins (Figure
2A). The overall complex structures are presented in Appendix Figure S1, together with omit
maps for each complex structure, verifying that the peptides are bound. Data collection and
structural refinement statistics for all these complexes can be found in Appendix Table S1. The
monomers within the asymmetric unit of each PLEKHM1-LIR complex overlaid well (PLEKHM1-
LIR:LC3A, rm.s.d. = 0.174 A; PLEKHM1-LIR:LC3B, r.m.s.d. = 0.217 A; PLEKHM1-LIR:GABARAP,
rm.s.d. = 0.167 A; PLEKHM1-LIR:GABARAPL1, rm.s.d. = 0.326 A; PLEKHM1-LIR:LC3C co-
crystal complex, r.m.s.d. = 0.426 A) (Fig. EV3A). Thus, the monomer A within the asymmetric unit

of each structure was used in the analysis.

Here we provide a detailed comparison across the LIR bound and unbound mATGS8 structures,

starting with global differences and then focusing on the LIR binding surface.

1) Analysis of the global changes in protein conformation upon LIR binding across the GABARAP-
and LC3-subfamilies suggest only subtle differences that do not, by themselves, explain the

altered binding affinity.

i) Altered angles between helix a2 and (-strand 2 between the GABARAP and LC3 families.
The orientation of the a-helix 2 shows a clear separation between the GABARAP and LC3
subfamily members (Fig.s EV3C and EV3D). The angle between a2 and B2 for GABARAP is -

34.2° while the same angle is -43.4° for LC3B (Appendix Table S$2). We note that a smaller angle



between both secondary structure elements correlates with a tighter binding between the LIR and
MATGS8 proteins: for the GABARAP proteins (Kp ranges from 0.55-0.77 uM) the angle is ~35°,
whereas the for the LC3-subfamily of proteins (Kp ranges from 3.5-6.3 uM) the angle is ~41°.
However, this may be influenced by considerable crystal packing contacts through the a2 helix that

are present in the LC3 structures, but not the GABARAP structures.

ii) Altered conformation of loop 3. The conformation of loop 3 (B-1-$2; Fig. EV3E) is different
across the two families, which is likely caused by the insertion of an extra residue within the LC3-
subfamily of proteins (loop comprises 14 residues in the LC3-subfamily, but 13 residues in the
GABARAP-subfamily). The loop is largely distal to the LIR binding surface, although the C-terminal
end of this provide residues K49 and K51 (LC3A numbering), which are important for LIR binding.
However, an alignment of the structures demonstrates that the conformation at the C-terminal end

of the loop is the same across the mATG8 structures.

i) Altered conformation and dynamics of loop 6. For loop 6, which is on the face opposite from
the LIR binding site, the conformation is variable across the GABARAP and LC3 subfamilies (B3-
o4; Fig. EV3F). As in loop 3, structural overlays of monomer A in each crystal structure
demonstrate that the length of loop 3 is one residue shorter for the GABARAP-subfamily (11
residues) versus the LC3-subfamily of proteins (12 residues). However, despite Loop 6 being
located distal to the HP1 and HP2 pockets, it is significantly altered upon LIR binding to the LC3
proteins, but not the GABARAP proteins (Fig. EV4G). According to our NMR experiments, in LC3-
proteins Loop 6 switches between unstructured (LIR-unbound; low signal intensities) and
structured (LIR-bound; increased backbone HN resonance intensity), resulting in significant CSP
for the HN resonances within the loop. However, for GABARAP-proteins, the corresponding CSP
are small, indicating this loop remains mostly structured in both unbound and LIR-bound state,

highlighting differences between these related, but different families of mMATG8-proteins.
2) Detailed analysis of difference in the LIR binding surface.

i) Analysis of the © position. This LIR-position is occupied by PLEKHM1 W635, the largest and

most common LIR aromatic residue in this position. In the LIR-bound state of the GAPARAP



proteins, the W635 side chain fits tightly into the hydrophobic pocket 1 (HP1), making a number of
hydrogen bonds and hydrophobic interactions (Figure 3A), whereas the distances corresponding
for these interactions are noticeably longer for the LC3 proteins (see Appendix Table S3 for
detailed analysis of the interaction distances). O¢1 of residue E17 in GAPARAP and GAPARAPL1
is 3.5 and 4.3 A (mean across all monomers in the ASU) away from the aromatic Ne1 of W635,
providing a possibility to form the intermolecular hydrogen bond. In comparison, the corresponding
atoms are further apart in the LC3-family complexes, especially LC3B (081 of residue D19 to Ne1
of W635 - 6.2 A) and LC3C (O¢1 of residue E25 to Ne1 of W635 - 4.5 A). In LC3A, this distance is
comparable with that for the GABARAP-subfamily (O¢1 of residue E25 to Ne1 of W635 - 3.5 A).
Additionally, aromatic carbons of W635 are significantly closer to the carbons of GABARAP non-
polar residues, forming the HP1 (Figure 3A and Appendix Table S3). For example, distances
between CZ2 of PLEKHM1 W635 to CZ of GABARAP and GABARAP-L1 F104 are 3.5 and 3.7 A,
respectively; while for to the corresponding CZ of LC3A F108 - 4.0, CZ of LC3B F108 - 4.2 and CZ
of LC3C F114 - 4.5 A, respectively. Overall, the conformation adopted by W635 of PLEKHM1 is
considered more optimal for the interaction with GABARAP-subfamily, compared to the LC3-

subfamily, proteins.

ii) Analysis of the X; position. Structural analysis of PLEKHM1-LIR V636, occupying X
position, did not revealed significant subfamily-specific differences in the distances of this residue
to the closes residues within mATGS8 proteins. For both LC3- and GABARAP-subfamily proteins,
the hydrophobic surface that accommodates V636 is lined with 1) phenylalanine (F52/F52/F58 for
LC3A/B/C) or tyrosine (invariant Y49) for the GABARAPSs; 2) the aliphatic moiety of lysine side
chain (K51/K51/K57 for LC3A/B/C; K48 for GABARAPSs), where the amine group is exposed into
solution, and 3) the invariant for all mMATGS8 arginine side chains (R70/R70/R76 for LC3A/B/C, and
R67 for GABARAPSs). For LC3-subfamily proteins we found that R70/76 forms a salt bridge with
invariant D48/D48/54 in LC3A/B/C side chain, which holds the arginine in a fixed conformation
(Fig. EV4A, left plot). In contrast, such a salt bridge is absent in the GABARAP-family proteins, the

D45 side chain is disordered (not visible in the electron density maps), resulting in the “disordering”



of the arginine side chain leading to a less favorable packing of V636 on surface of GABARAP-

family proteins (Fig. EV4A, right plot).

iii) Analysis of the X, position. Inspection of our mATG8:PLEKHM-LIR structures for residues
interacting with N637 (position X;) shows that the Oy of N637 is in an ideal position for hydrogen
bonding to the conserved arginine (R28) in the GABARAP-subfamily proteins. For the LC3-
subfamily proteins, however, the N637 side chain carboxyl is not in an ideal position for
intermolecular hydrogen bonding (Figure 3C). Additionally, residues R28 are in an ideal position to
make a T-type cation-tr interaction [8] with a GABARAP-conserved tyrosine (Y25), which may
enhance the intermolecular hydrogen bond by placing the side chain of arginine in an ideal position
(Fig- EV4B). In the LC3-subfamily proteins, this is a histidine in LC3A and LC3B (H27), or
phenylalanine in LC3C (F33), and the lysine residues do not form a cation-1r interaction with these
side chains in all the LC3:PLEKHM1-LIR complexes. To test whether the difference in these
hydrogen bonds correlate with the difference in specificity of GABARAP- and LC3-families towards
PLEKHM1-LIR, we substituted R28 in GABARAP to lysine and K30 in LC3B to arginine and
performed comparative ITC and NMR titration experiments with mutated proteins and PLEKHM1-

LIR peptide.

We titrated LC3B K30R and GABARAP R28K mutants with PLEKHM1-LIR peptide and compared
the ITC data with that for the LC3B WT and GABARAP WT proteins. Notably, there is no
significant difference between Kp values of PLEKHM1-LIR interactions with wild type proteins and
K30R/R28K mutants (Fig. EV4C and Appendix Table S4). Nonetheless, we did observe a small
increase in favorable binding enthalpy for LC3B K30R mutant (0.3 kcal/mol); and smaller favorable
enthalpy for GABARAP R28K (0.05 kcal/mol) that could be interpreted as a stabilization of
MATG8-proteins complexes with PLEKHM1-LIR over the more favorable arginine at position 28 in
GABARAPs (Appendix Table S4). However, these small changes are within experimental error

and too small to serve as a determinant of specificity.

NMR titrations of "°N labeled PLEKHM1-LIR peptide with non-labelled LC3B K30R and GABARAP
R28K confirmed ITC data. Indeed, the LC3B K30R mutant induced stronger CSP for side-chains

resonances of N637 in NMR titration experiments; and GABARAP R28K induced a smaller CSP
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for side-chains resonances of N637 (Fig. EV4D, lower plots, blue contours). Also backbone HN
resonances of N637, and adjacent V636 and V638 residues undergoes larger CSP upon binding
LC3B K30R mutant (in comparison to LC3B WT), while binding of GABARAP R28K mutant
induces smaller CSP (in comparison with GABARAP WT). Other backbone HN resonances remain
insensitive to the mutations (Fig. EV4D). Therefore, based on our ITC and NMR results, we
propose that N637 of PLEKHM1-LIR is important for the stabilization of PLEKHM1-LIR interaction

with GABARAP, rather than being a defining factor in determining LC3 or GABRAP specificity.

iv) Analysis of the I position. Compared to the HP1 pocket, the HP2 pocket is shallow (Fig.
EV5B). The key interactions for this pocket are 1) a main-chain hydrogen bond between the
nitrogen of PlekHM1 V638 and oxygen of an invariant LC3/GABARAP leucine, which mediates
formation of the intermolecular B-sheet, common for all canonical LIR:ATG8-proteins interaction
(reviewed in [9]), and 2) hydrophobic interactions between the sidechain and the hydrophobic
residues that line the HP2 pocket (Figure 3D and Appendix Table S3). Judging by the bonding
distances (Appendix Table S3), V638 of the PLEKHM1-LIR fits more tightly within the HP2 pocket
of the GABARAP-subfamily proteins, as compared to the LC3-subfamily proteins. The sidechain
of V51 in the GABARAP proteins is in closer proximity to the PLEKHM1 V638 (GABARAP = 3.8 A
and GABARAP-L1 = 4.3 A), while side chains of residues in equivalent positions of LC3-subfamily
proteins are further away (LC3A/B/C V54/V54/V60 - 4.2/4.6/4.6 A). Similarly, the L55 sidechain in
the GABARAP proteins is closer to the PLEKHM1 V638 (GABARAP = 4.6 A and GABARAP-L1 =
4.3 A), as compared to the LC3 proteins (LC3A V58 = 5.5 A, LC3B V58 = 5.4 A, LC3C L64 = 4.3
A). As in the HP1 pocket, the bonding distances (particularly the mean distances of equivalent

positions) of the hydrophobic interactions in the HP2 pocket are shorter in the GABARAP proteins.

Analysis of secondary structure elements for mutated in X; and X; positions PLEKHM1-LIR.
In order to evaluate the role of small (G;A,P,S) and positively-charged (K,R,H) residues at
PLEKHM1-LIR positions X; and X, with respect to their ability to adopt a B-stranded conformation
and thus participate in formation of the intermolecular B-sheet, we predicted secondary structure

elements within a relatively short stretch of PLEKHM1 residues (26-mers, PLEKHM1 residues 625-
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650, wild type and mutated sequences) by JPREDA4-server ([101,
http://www.compbio.dundee.ac.uk/jpred4). In all but one cases, mutations in positions X, and X; do
not affect significantly probability of the PLEKHM1 26 residues long sequence to form (-strand
near W635. The only X; V636P mutant is predicted as unable to form the (B-strand. Generally, all
residues at position X; participates in formation of intermolecular 3-sheet with both backbone
amino- (HN) and carboxy- (CO) groups, forming two intermolecular hydrogen bonds towards B-
strand B2 in the mATG8 molecule (to the backbone of F52/F58/Y49 across both the LC3 and
GABARAP families, Figure 3B). Therefore, presence of proline residue in this position is definitely
unfavorable for the canonical LIR:mATG8 interaction and therefore proline in position X, is not
used in in the natural LIR sequences. Interestingly, there is a natural LIR, containing Pro residue in
X4 position - B-catenin LIR (504-WPLI-507) described in [11]. This Pro residue is evolutionary
conserved as well as the whole -catenin sequence around LIR (see below). Secondary structure
prediction indicates the B-catenin residues within and near this potential LIR motif form an a-helix
(in fact, it is a part of a-helical armadillo repeat domain), thus, this LIR probably interacts with
MATG8 via not canonical mechanism involving bigger than short LIR-motif protein-protein
contacts. However, for other residues at this position there are no limitations with respect to
intermolecular hydrogen bonding; also for position X, all residues are equally capable to adopt -
conformation. Therefore, we can conclude that the effect of these substitutions on the mATGS8
proteins binding (Fig. EV5C and EV5D) is mediated by specific sidechain structure, orientation and
mobility, and not by ability of mutated PLEKHM1-LIR adopts B-stranded conformation.
Results of secondary structure prediction for mutated PLEKM1-LIR:

1. PLEKHM1-LIR WT

: ——-630--——--- 640---—--- 650 :
OrigSeqg : QKVRPQQEDEWVNVQYPDQPEEPPEA :
Jnet : ——————----BEEEE--—-—-———--- :
Jnet Rel : 89887777731762056776777889 :
2. PLEKHM1-LIR X1 mutants
2.1V636G
: ——-630---—--- 640---—--- 650 :
OrigSeqg : QKVRPQQEDEWGNVQYPDQPEEPPEA :
Jnet : ——=———————-EE--——-—-———--- :
Jnet Rel : 89887777630213677766777889 :
2.2.V636P
: ——-630--——--- 640---—--- 650 :
OrigSeqg : QKVRPQQEDEWPNVQYPDQPEEPPEA :
Jnet O et et et :



Jnet Rel
2.3. V636K

OrigSeq

Jnet

Jnet Rel
2.4. V636R

OrigSeq

Jnet

Jnet Rel
2.5. V636H

OrigSeq

Jnet

Jnet Rel

89887777653256677667777889

3. PLEKHM1-LIR X2 mutants
3.1. N637G

OrigSeq

Jnet

Jnet Rel
3.2. N637P

OrigSeq

Jnet

Jnet Rel
3.3. N637K

OrigSeq

Jnet

Jnet Rel
3.4. N637R

OrigSeq

Jnet

Jnet Rel
3.5. N637H

OrigSeq

Jnet

Jnet Rel

89887777731762056776777889

Conservation of B-Catenin LIR motif residues

AQNAVRLHYGLPVVVKLLHPPSHWPLIKATVGLIRNLALCPANHAPLREQGAIPRLVQLL
AQNAVRLHYGLPVVVKLLHPPSHWPLIKATVGLIRNLALCPANHAPLREQGAIPRLVQLL
AQNAVRLHYGLPVVVKLLHPPSHWPLIKATVGLIRNLALCPANHAPLREQGAIPRLVQLL
AQNAVRLHYGLPVVVKLLHPPSHWPLIKATVGLIRNLALCPANHAPLREQGAIPRLVQLL
AQNAVRLHYGLPVVVKLLHPPSHWPLIKATVGLIRNLALCPANHAPLREQGAIPRLVQLL
AQNAVRLHYGLPVVVKLLHPPSHWPLIKATVGLIRNLALCPANHAPLREQGAIPRLVQLL

R IR I Ik I b I b b b b h b 2 E I E E b b h h E h bk S b b b b b b 2k b b b b b 2k b b b b b b gk b b

Results of secondary structure prediction for -Catenin LIR motif:

VVKLLHPPSHWPLIKATVGLIRNLAL

——————————— HHHHHHHHHHHH---

P35222 CTNB1 HUMAN 481
Q0VCX4 CTNB1 BOVIN 481
002248 CTNB1_ MOUSE 481
B6V8E6 CTNB1 CANLF 481
P26233 CTNB_XENLA 481
090424 (90424 DANRE 480
OrigSeq

Jnet

Jnet Rel

86578888752789999999853399
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Appendix Table $S1: Summary of crystal structure data collection and refinement statistics.

PLEKHM1-LIR: LC3C: PLEKHM1-LIR: PLEKHM1-LIR:
LC3A PLEKHM1-LIR* GABARAP GABARAP-L1
(PDB: 5DPR) (PDB: 5DPW) (PDB: 5DPS) (PDB: 5DPT)
Data-collection statistics
Space group P2, P1 P3, P3,21
Cell parameters
a, b, c (A) 62.7,63.1,84.9 54.1,73.2,89.1 73.8,73.8,74.5 84.8,84.8,1054
a, B,y () 90, 100.9, 90 89.96, 89.99, 77.3 90, 90, 120 90, 90, 120
Wavelength (A) 0.9537 0.9537 0.9537 0.9537
Resolution (A) 45.57-2.50 38.61-2.19 37.23-2.00 42.8-2.90
(2.60-2.50) (2.24-2.19) (2.05-2.00) (3.03-2.90)
Rmerge 0.113 (0.614) 0.074 (0.875) 0.196 (3.387) 0.148 (2.352)
Rpim. 0.068 (0.366) 0.048 (0.573) 0.060 (1.066) 0.048 (0.735)
Rmeas. 0.132(0.716) 0.089 (1.063) 0.205 (3.652) 0.156 (2.466)
l/ol 7.1(2.1) 13.4 (1.9) 10.3 (1.5) 10.6 (1.4)
Completeness 100 (100) 98.6 (97.8) 99.2 (98.6) 99.9 (99.5)
CC(1/2) 0.928 (0.754) 0.999 (0.824) 0.998 (0.651) 0.991 (0.581)
Redundancy 3.8 (3.8) 6.6 (6.6) 11.6 (11.6) 10.9 (11.0)
Total reflections (Unique) 22,780 (2,562) 446,563 (68,176) 353,770 (26,146) 110,277 (17,825)
Refinement statistics

Ruork/ Riree (%) 21.8/26.1 20.0/24.6 18.4/22.3 21.4/26.0
Number of Atoms
Protein 4,086 8,300 2,990 1,949
Water 42 170 177 0
Temperature factors
Main Chain 54.7 49.8 34.4 100.8
Side Chain 64.2 58.4 371 103.4
LIR peptide 50.7 62.4 30.6 110.4
Solvent 37.6 40.2 37.5 -
Ramachandran Plot
Allowed regions 99.4 99.1 100.0 99.6
Outliers 0.61 0.9 - 0.41
R.m.s.d from ideality
Bond lengths (A) 0.006 0.004 0.008 0.003
Planarity (°) 0.005 0.004 0.005 0.004
Angles (°) 1.077 0.732 1.040 0.778
* Co-crystals
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Appendix Table S2. Angles between a2 and B2 in the mATG8s complexes with PLEKHM1

LIR.
mATG8 Angle (°)
LC3A -39.5
LC3B -43.4
LC3C -41.7
GABARAP -34.2
GABARAP-L1 -35.6
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Appendix Table S3. Distances (averaged across all monomers in an asymmetric unit (ASU))

between PLEKHM1-LIR residues (W635 and V638) and residues within mATG8-proteins. The

table also shows the distances across the two families for an equivalent interaction (row means)

and mean distance of each interaction within the respective pocket for each protein (column

mean). Highlighted in red are the shortest distances, which are predominantly in the GABARAP-

family members, demonstrating that the interactions in HP1 and HP2 pockets are generally shorter

in the GABARAP-subfamily proteins.

Interaction of PLEKHM1 W635 with HP1 pocket (bond length measured in A)

LC3A LC3B LC3C LC3 GABARAP GABARAPL1 |GABARAP
family family
Mean Mean
E19 | 3.52+0.02 | D19 6.2+0.1 E25 | 4.50+0.03 4.7 E17 3.5+0.1 E17 | 4.3+0.9 3.9
123 4.1+0.1 123 4.4+0.3 129 4.4+0.2 4.3 120 4.7+0.9 120 | 4.4+01 4.5
L53 | 5.0+0.12 | L53 4.3+0.1 L59 | 5.00£0.02 4.8 L50 3.91£0.2 L50 | 4.3%0.5 4.1
F108 | 4.0£0.1 | F108 | 4.2+01 | F114| 4.5%0.1 4.2 F104 | 3.50£0.03 | F104 | 3.7+0.2 3.6
Mean 4.2 4.8 4.6 3.9 4.2
Interaction of PLEKHM1 V638 with HP2 pocket (bond length measured in A)
LC3A LC3B LC3C LC3 GABARAP GABARAPL1 |GABARAP
family family
Mean Mean
V54 | 4.20+0.03 | V54 | 4.60+0.03 | V60 | 4.6x0.1 4.5 V51 3.840.1 V51 | 4.31£0.3 4.1
V58 | 5.5+025 V58 5.4+0.2 L64 4.3+0.2 5.1 L55 4.6x0.1 L55 | 4.840.3 4.7
166 3.4£0.1 166 4.1+0.2 172 4.5+0.1 4 L63 | 3.50+0.03 | L63 | 3.9+0.2 3.7
Mean 4.4 4.7 4.5 4.0 4.4
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Appendix Table S4. Thermodynamic parameters of interactions between PLEKHM1-LIR

peptide and mutated LC3B and GABARAP proteins (K30R and R28K, respectively).

AH AS -T*AS AG Ka Kp N

kcal mol™ cal mol” K kcal mol"'  kcal mol"  *10°M™ uM
LC3B wt -5.8+0.2 +4.27 -1.27 -7.09 0.16£0.01 6.33 1.06%0.01
LC3B K30R -6.1+0.2 +3.61 -1.08 -7.20 0.19+0.01 5.26 1.11£0.02
Gaparap Wt -10.60£0.1 -6.92 +2.06 -8.54 1.81£0.1 0.55 1.00£0.01
Gaparap R28K  -10.55+0.1  -6.71 +2.00 -8.55 1.910.1 0.54 1.05%0.01
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Appendix Figure S1.

A PLEKHM1-LIR LC3A
Monomers-ASU OMIT-map PLEKHM1-LIR fitted

W635

B V638
LIR PLEKHMA-LIR PLEKHM1-LIR
B  PLEKHM1-LIRLC3C
Monomers-ASU OMIT-map PLEKHM1-LIR fitted

V638

PLEKHM1-LIR

PLEKHM1-LIR

C PLEKHM1-LIR GABARAP
Monomers-ASU OMIT-map PLEKHM1-LIR fitted

W635
N

c

PLEKHM1-LIR PLEKHM1-LIR

D PLEKHM1-LIM GABARAP-L1
Monomers-ASU OMIT-map PLEKHM1-LIR fitted

PLEKHM1-LIR PLEKHM1-LIR

Appendix Figure S1. Structural analysis of the complexes between PLEKHM1-LIR peptide
and mATGS8 proteins.
A. Packing of four PLEKHM1%%%%_| C3A%"?" monomers in asymmetric unit (left); omit map of the

PLEKHM1-LIR electron density on the symmetry-related LC3A molecule (middle); omit map of the
15



PLEKHM1-LIR electron density on the symmetry-related LC3A molecule with the fitted PLEKHM1-
LIR residues (right).

B. Packing of eight LC3C*'*:PLEKHM1%%%*? monomers in asymmetric unit (left); omit map of the
PLEKHM1-LIR electron density on the symmetry-related LC3C molecule (middle); omit map of the
PLEKHM1-LIR electron density on the symmetry-related LC3C molecule with the fitted PLEKHM1-
LIR residues (right).

C. Packing of three PLEKHM1%29%3_.GABARAP?*"" monomers in asymmetric unit (left); omit map
of the PLEKHM1-LIR electron density on the symmetry-related GABARAP molecule (middle); omit
map of the PLEKHM1-LIR electron density on the symmetry-related GABARAP molecule with the
fitted PLEKHM1-LIR residues (right).

D. Packing of two PLEKHM1%2*3%_GABARAP-L1%""" monomers in asymmetric unit (left); omit map
of the PLEKHM1-LIR electron density on the symmetry-related GABARAP-L1 molecule (middle);
omit map of the PLEKHM1-LIR electron density on the symmetry-related GABARAP-L1 molecule

with the fitted PLEKHM1-LIR residues (right).
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